O. INTRODUCTION Let F be a one-dimensional formal group defined over a p-adic integer ring R; i.e. R is the maximal compact subring of a finite extension K of Q p' Much is known about the torsion subgroup of F. In particular, the only torsion is p-power torsion. Denote by ker [pn] F the points in the kernel of the formal group endomorphism [pn]F considered as a subset of K, the algebraic closure of K. If F has height h, it is known that there is a monomorphism
P n : Gal(K(ker[pn]F)/ K) <--+ GLh(Z/ pnZ). Let A(F) = Un ker[pn]F'
The P n piece together to yield a monomorphism p: Gal(K(A(F))/K) <--+ GLh(Zp) ' If F has no complex multiplication (i.e. End(F) ~ Zp ), Serre has shown in [8] that the image of P is open. The main purpose of this paper is to prove a similar result when F is a generic formal group.
Generic formal groups were introduced by Lubin and Tate (see [5] ) in order to classify liftings of formal groups defined over a finite field. A generic formal group r of height h 2:: 2 is defined over a power series ring; for our purposes ( We remark that for a formal group G defined over a complete local Noetherian domain (R, L) of characteristic 0 with residue characteristic p we may define ker [pn] G and A( G) just as for formal groups defined over p-adic integer rings.) Motivated by Serre's result, and the analogy between a generic formal group and a generic elliptic curve one is led to the conjecture that the monomorphism (here K is the quotient field of A) is an isomorphism. When p > 2, this is exactly what we prove. It is likely that the result is also true when p = 2 but we have not succeeded in proving this as yet.
The first step in our proof is to recall that (2) 
Gal(K(ker[p]r)/K) ~ GLh(Z/pZ)
is an isomorphism (see Zimmermann [9] ). Secondly, a purely algebraic lemma, which we prove in § 1, shows that to prove the monomorphism in (1) is an isomorphism, it suffices for p> 2 
to show Gal(K(ker[p2]r)/K) ~ GL h (Z/p2 Z )
is an isomorphism. This is proven in §2. We remark that if p = 2, it will be shown that if the points of order 8 yield a GL h (Z/8Z) extension, then our main result holds when p = 2 as well. The "points of order 8" problem is presently under investigation.
After a preliminary version of this paper was circulated, we received a letter from J. P. Serre in which he pointed out that for p ~ 5 our main result could be obtained using the isomorphism (2) , an algebraic lemma in Serre's book [7] and a theorem of Raynaud on the determinant map for p-divisible groups [6 
We now show that the set {Eij( 
Recall that for i::f:. j multiplying a matrix B on the left by Ei)A) has the effect of mUltiplying the j th row of B by A and adding it to the i th row. Similarly, multiplication on the right by Eij(A) has the effect of multiplying the i th column of B by A and adding it to the j th column.
Suppose B E VI . We will show that a succession of left and right multiplications by matrices of the form Eij(px) will reduce B to a diagonal matrix. so that this expression is zero. Now multiply the resulting matrix on the right by E I3 (px I3 ) . By appropriate choice of x 13 ' we can make the 13 entry of the resulting matrix equal to zero. Continuing in this way, we obtain a matrix in VI with all entries on the first row to the right of b ll equal to zero. Starting with a right multiplication by E 23 (px 23 ) we can in a similar fashion make all the entries on the second row to the right of b 22 equal to zero. In finitely many steps we derive a lower triangular matrix in VI' By an exactly analogous process using left multiplications by matrices of the form Eij(PX i ) we reduce this lower triangular matrix to a diagonal matrix.
Having now shown that when p> 2 V 2 is the Frattini subgroup of VI we can proceed to the proof of Lemma 1.1. Consider the diagram
(
1 1 1
Here, XI = X n VI and all of the vertical arrows are inclusions. The right-hand arrow is an isomorphism by hypothesis. Thus, if XI = VI it would follow that
which is what we want to prove. If p = 2 , the problem is that the group of principal units in Z2 is not procyclic. However, it is true that {a E Z2: a == I (mod 4)} is pro-cyclic; in fact, it is topologically generated by the number 5. Using this, one can prove that V3 is the Frattini subgroup of V 2 . Then, as in the last part of the above proof, one can show that :
We leave the details to the reader. 
Proof. Simply apply Corollary 1.2 to the group G = Gal(K(AF)/K). [5] or Lubin [3] .) To simplify notation, we will denote the formal group rt1,/z ,' " ,th-l (x ,y) by r(x, y), the
TORSION POINTS OF GENERIC FORMAL GROUPS
Denote by K, the field of fractions of A and let K be the algebraic closure of K.
Since p is a prime in ZP' multiplication by p on the formal group r can be written Since A is a complete local ring, the Weierstrass preparation theorem applies. Let P(x) be the polynomial associated to [p] (x)/x via the Weierstrass theorem. We observe that deg(P(x)) = i-I (since the height is h) and of course, P(x) is monic. Furthermore, the zeros of P(x) are the nonzero elements of ker [p] .
A natural first step in the study of K(A(r))/K is the study of K(ker [p] )/K. In [9] , it is shown that this extension is Galois, with Galois group isomorphic to GL h (Z/ pZ). The extension can be constructed as follows. First observe that P(x) satisfies the Eisenstein criterion over A. The power series that we are concerned with in this paper are defined over finite extensions of the ring
To be able to use the power of the Newton polygon we embed A into certain (specifically chosen) complete discrete valuation rings. In fact, the rings will be chosen in a way that will make it easy to observe that certain polynomials, whose zeros are elements of ker [/] , are irreducible using the Eisenstein criterion. In particular, we will use Proposition 2.1.
Let R be a complete discrete valuation ring with valuationfunction v. Let n be a uni/ormizer of R with v(n)
= llr, r EN. Let sEN.
The ring R[[t]] may be embedded in a complete discrete valuation ring & with valuation function (still denoted v) satisfying v restricted to R is unchanged and v(t) = llrs. The element t will be a uniformizer for &. SKETCH OF THE PROOF. If f(t) = L: a/ E R[[t]] , define v(f(t)) = Inf(v(a;) + ilrs).

Let &' = {f(t)1 g(t): f(t) ,g(t) E R[[t]] , g(t) f:-0, v(f(t)) ~ v(g(t))}.
&' is a discrete valuation ring and may be completed to get the desired ring &. As mentioned before, the above proposition will be used as a tool to study for 1 < j ::; i,
The points of order p2 on the generic formal group r are the zeros in the Recall that since r is defined over A, We will then count the number of zeros assuming each value. Since we know that ~ ([p2] ) has vertices at (1,2) and (p2h ,0) this completely determines
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The computation of
term. See Figure 2 . Let a j be a zero associated to the leftmost nontrivial segment of the polygon. Note that (1 • 2)
FIGURE 3
Thus if P is a zero associated to S2i' j = Figure 3 . We remark that with Y i , j = 1 .2. .... i chosen as above, it is shown in [9] that 
To that end, consider the following diagram of field extensions Proof. The proof depends on the fact (proved in [9] We record the following as a special case.
As stated earlier, there is a monomorphism 2 2
Gal(K(ker[p D/K) --+ GLh(Z/p Z).
We 
CONCLUDING REMARKS
We begin this section with a restatement of the main results proven in this paper. Following this will be some remarks and acknowledgments. 4. Lemma 1.1 can be viewed as a generalization of the fact that for p an odd prime, a primitive root mod p2 is a primitive root modulo all higher powers of p. For, suppose X ~ GL 1 (Zp) = Z; is a closed subgroup mapping into GL 1 (Z/ /Z) == (Z/ p2Z)*. Then there is an integer b E X which is a primitive root mod p2 and thus a primitive root mod pn for all n ~ 1 . Thus b topologically generates Z; and so X = Z; since X is closed.
5. Let H ~ GL h (Z2) be the subgroup of matrices of determinant ±1 . Then 7C 2 (H) = GL h (Z/4Z). This shows we must consider 7C 3 when p = 2. (This was pointed out by J. P. Serre.) Nevertheless, it seems extremely likely that our main result is also true for p = 2.
